Recent X-ray surveys by Chandra and XMM-Newton have revealed a population of X-ray bright, optically normal galaxies (XBONGs) at moderate redshifts. By analogy with nearby low-luminosity active galactic nuclei, we propose that many XBONGs are powered by an inner radiatively inefficient accretion flow (RIAF) plus an outer standard thin accretion disk. The absence of optical/UV activity in XBONGs is explained by the truncation of the thin disk near the black hole, and the relatively strong X-ray emission is explained as inverse Compton emission from the hot RIAF. We show that the spectrum of the source P3, a prototypical XBONG, can be fit fairly well with such a model. By comparing P3 to other accreting black holes, we argue that XBONGs are intermediate in their characteristics between distant luminous active galactic nuclei and nearby low-luminosity nuclei.
Introduction
Recent deep X-ray surveys with ROSAT, Chandra and XMM-Newton have resolved more than 80% of the 0.1-10 keV cosmic X-ray background into discrete sources (Hasinger et al. 1998; Mushotzky et al. 2000; Giacconi et al. 2001; Brandt et al. 2001; Baldi et al. 2002) . Optical identifications of these X-ray sources show that many are, as expected, luminous active galactic nuclei (AGNs). However, rather unexpectedly, a sizeable number of relatively bright X-ray sources have been spectroscopically identified with early-type "normal" galaxies without any obvious signature of nuclear activity in their optical spectra (Fiore et al. 2000; Hornschemeier et al. 2001; Giacconi et al. 2001; Barger et al. 2001a,b; Comastri et al. 2002a,b) .
The existence of this unusual class of sources was already pointed out by Elvis et al. (1981) more than 20 years ago, based on an analysis of Einstein observations. It was later confirmed by Griffiths et al. (1995) using ROSAT data. The sources have been given a variety of names, such as Optically Dull Galaxies (Elvis et al. 1981) , Passive Galaxies (Griffiths et al. 1995) , X-ray Bright Optically Normal Galaxies (XBONGs, Comastri et al. 2002b) , and Elusive Active Galactic Nuclei (Maiolino et al. 2003 ). We will adopt the name XBONG in this paper. According to Maiolino et al. (2003) , the fraction of XBONGs among local galaxies is comparable to or even higher than that of optically selected Seyfert nuclei.
The large X-ray-to-optical flux ratios of XBONGs, as well as their hard spectra in X-rays (at least in the brighter sources for which spectral analysis is possible), indicate that AGN activity is occurring in these objects. The lack of evident optical emission lines is, however, a puzzle. One possible explanation is that XBONGs are luminous Seyfertlike AGNs that happen to be heavily obscured. While this explanation is doubtless valid for some sources, there are reasons to think that it does not apply to all XBONGs ( §2). Another possibility is that XBONGs are BL Lac-like objects. However, observations by Chandra and XMM-Newton of the prototypical XBONG source P3 (see §3.3) indicated no significant flux or spectral variability over a time interval of seven months (Comastri et al. 2002a ). This is highly unusual for a BL Lac object. The presence of a large calcium break and a lack of detectable radio emission in several XBONGs (Fiore et al. 2000) are additional arguments against the BL Lac model.
The last possibility, which we investigate in this paper, is that the intrinsic weakness of XBONGs in the optical/UV waveband is because these sources lack a standard thin accretion disk at small radii. Instead of a cool disk, we suggest that the gas at small radii is in the form of a very hot radiatively inefficient accretion flow (RIAF). We argue for this possibility from the redshift and luminosity distribution of XBONGs ( §3.1) and by analogy with nearby lowluminosity AGNs (LLAGNs, §3.2). We then present a detailed spectral fit to the particular XBONG source P3 ( §3.3), and place XBONGs in the context of other accreting black holes ( §3.4). We conclude with a summary and a discussion ( §4).
The Obscuration Model
There are two versions of the obscuration model. The first assumes that the obscuring material is in the form of a torus, as in the standard AGN unification model for Seyferts (e.g., Krolik 1999) . In order to explain the absence of emission lines in the optical spectra of XBONGs, it is necessary to assume that both the Broad Line Region and the Narrow Line Region (NLR) of the systems are heavily obscured. The problem with this idea is that spectroscopic observations of several XBONGs in the near-IR and mid-IR, where dust extinction is much reduced, have not revealed the expected narrow emission lines (Marconi et al. 1994; Spoon et al. 2000; Genzel et al. 1998) . Moreover, it is hard to see why the torus in XBONGs should be physically so much larger than in Seyferts that it completely obscures the extended NLR.
The second possibility is that the obscuring material is not distributed in a toruslike geometry but covers the nuclear UV source in all directions. In this case, hardly any UV photons escape and there is not enough ionizing radiation to produce a classical NLR (Marconi et al. 2000; Fabian 2003 ). Dudley & Wynn-Williams (1997) predicted that a deep silicate absorption at 9.7µm should be detected in this case. The feature has been seen in two XBONGs (NGC 4945: Maiolino et al. 2000; NGC 4418: Spoon et al. 2001) , indicating that the complete obscuration idea is correct for at least some XBONGs.
Despite this success, it seems unlikely that the obscuration model applies to all XBONGs. Severgnini et al. (2003) performed a detailed spectral analysis of three XBONGs observed with XMM-Newton and found that only one out of the three is X-ray obscured (N H ∼ 2 × 10 23 cm −2 ), while the other two sources are relatively unobscured (N H ∼ 4 × 10 21 , 1 × 10 21 cm −2 , respectively). A similar result was obtained by Page et al. (2003) , who carried out optical spectroscopy of a number of X-ray sources from the 13 hr XMMNewton/Chandra deep survey. Of their 70 sources, 23 were found to be XBONGs, half of which were unabsorbed in X-rays. Of course, one does not always expect perfect agreement between optical and X-ray absorption columns -some sources show X-ray absorption but little optical extinction (Maiolino et al. 2001) , and vice versa. But Reichert et al. (1985) found that the extinction obtained from the X-ray absorption column in AGN spectra often greatly exceeds the extinction inferred from the Balmer decrement. This goes in the opposite sense of what is required to explain the absence of optical nuclear emission in low X-ray absorption XBONGs. Maiolino et al. (2003) have analysed the spectra of XBONGs using C-statistics, and claimed to see evidence for heavy obscuration in most XBONGs. But this method is not as reliable as detailed spectral analysis (which is not possible for most XBONGs because of the low counts). Moreover, the sample used by Maiolino et al. (2003) only consists of objects with relatively high X-ray luminosity, therefore, the sample is biased in favor of sources with large absorption columns (for a fixed flux).
In summary, while strong X-ray obscuration is certainly present in some XBONGs, it is likely that significant numbers of XBONGs are not strongly obscured. These sources require another explanation for their weak optical activity.
RIAF Model of XBONGs
We consider in this section the possibility that XBONGs are powered by radiatively inefficient accretion flows (RIAFs). Early versions of the RIAF model were called advectiondominated accretion flows (ADAFs, Narayan & Yi 1994 Abramowicz et al. 1995; see Narayan, Mahadevan & Kato, Fukue & Mineshige 1998 for reviews) . Modern RIAF models include new features that were suggested by detailed computer simulations and theoretical analysis, as reviewed by Quataert (2001) and Narayan (2002) .
The Redshift and Luminosity Distribution of XBONGs
The redshift and luminosity distribution of XBONGs can supply important clues to the nature of these sources. In a sample of 71+45 hard X-ray sources selected from the HELLAS2XMM and Chandra surveys, Comastri et al. (2002b) found 10 XBONGs. All the sources are at low redshift and have low luminosities. Indeed, of the sources in the sample with L 2−10keV < 10 43 erg s −1 and z < 0.4, about 75% are XBONGs (Comastri et al. 2002b ). Brusa et al. (2003) have presented optical identifications for a sample of 35 sources, selected again from HELLAS2XMM survey. They find that at low redshift, the sources consist of a mix of Broad Line AGN, Narrow Emission-Line galaxies and XBONGs, whereas at z > 1 all the sources are spectroscopically classified as Broad Line AGNs, and there are no XBONGs. Similarly, Page et al. (2003) identified a sample of 70 sources from the 13 hr XMMNewton/Chandra deep survey. Of these, 42 are broad emission-line AGNs which extend over a wide range of redshift. However, 23 sources which are classified as narrow emission line galaxies or XBONGs all lie at z < 1 and typically have lower X-ray luminosities.
The main conclusion from these results is that XBONGs have lower luminosities compared to standard AGNs. The fact that the sources are also found preferentially at lower redshift follows naturally. Supermassive black holes in the nuclei of high redshift galaxies are generally believed to have a lot of gas available for accretion and are therefore quite luminous. At lower redshifts we expect less gas and the nuclei to be less luminous. Therefore, if XBONG behavior is associated with lower luminosities, then the sources would be found at somewhat lower redshifts than bright AGNs. The real puzzle is why should lower luminosity AGNs have proportionately less optical emission compared to more luminous objects. If the XBONG phenomenon is entirely due to obscuration ( §2), one might have expected the brighter AGNs to be XBONGs, since those sources have more gas and, therefore, presumably more dust.
The RIAF model provides a natural explanation for the luminosity and redshift distribu-tion of XBONGs without needing to invoke anomalously large obscuration. Beginning with the work of Narayan & Yi (1995) and Narayan (1996) , it has been shown in several studies that ADAFs/RIAFs are present only when the accretion rate is less than a few percent of the Eddington rate. This led to the idea that accreting black holes with luminosities above a few percent of Eddington should have something similar to a normal thin disk, whereas systems with lower luminosities should have composite accretion flows consisting of a RIAF at small radii and a thin disk at large radii. This paradigm has been shown by Esin, McClintock & Narayan (1997) and Esin et al. (1998) to work very well in black hole X-ray binaries; indeed, it is fairly well established by now that, in general, low-luminosity black hole binaries lack thin disks at small radii (see McClintock & Remillard 2003 for a review).
Theoretical arguments indicate that the physics of RIAFs is largely independent of the black hole mass. Therefore, by analogy with X-ray binaries, we expect accreting supermassive black holes to make a transition from a thin disk to a RIAF-plus-disk geometry with decreasing luminosity. The exact luminosity at which the transition occurs is uncertain since it depends on the physics of gas evaporation from a cold thin disk to the hot RIAF, a process that is not well understood. However, we note that Sgr A*, the supermassive black hole at our Galactic Center, has a pure RIAF (Yuan, Quataert & Narayan 2003 , perhaps also with a jet, see , as does M87 (Di Matteo et al. 2003) , and neither system has a thin disk out to a radius of at least 10 4 R S (where R S is the Schwarzschild radius). Since these objects have luminosities of ∼ 10 −8 L Edd , the thin disk to RIAF transition in supermassive black holes must occur at some luminosity larger than this. Yi (1996) suggested that supermassive black holes in the universe start off with a lot of gas at large redshifts and consequently have accretion rates close to the Eddington limit. At this stage, they have standard thin accretion disks, or possibly slim accretion disks (Abramowicz et al. 1988 ). However, the sources switch to an inner-RIAF-plus-outer-thindisk configuration at lower redshifts when the gas supply runs out. A similar idea has been discussed also by Haiman & Menou (2000) . An immediate prediction of this scenario is that high-redshift high-luminosity AGNs should have prominent big blue bumps from the thin disk, whereas lower-redshift lower-luminosity AGNs should have less prominent, or even absent, big blue bumps. Thus, the latter sources should be less bright in the optical band and should have larger X-ray to optical luminosity ratios. In addition, they should have less ionizing UV radiation and therefore substantially less emission from broad line and narrow line clouds. In other words, the sources should resemble XBONGs.
LINERs, LLAGNs and XBONGs
In our local universe, there is a large population of low luminosity AGNs (LLAGNs), many of which are classified as "Low-Ionization Nuclear Emission-line Regions" (LINERs, Ho et al. 1997 Ho et al. , 2001 Ho 2003) . The most prominent feature of LLAGNs is that their spectral energy distributions are quite different from those of more luminous AGNs. Specifically, they lack the big blue bump in their spectra, but rather have a big red bump. The absence of the blue bump does not appear to be the result of strong dust extinction, but seems to be intrinsic to the source (Ho 1999) . As a result of the weakness of the optical/UV emission, the spectral index (defined by F ν ∝ ν −αox ) between 2500Å and 2 keV is α ox ∼ 0.75-1.08 for the sample studied by Ho (1999) , with an average value of 0.9. This is much less than the mean α ox ∼ 1.5 for luminous AGNs (Brandt, Laor & Wills 2000) .
The weakness of the optical/UV emission of LLAGNs suggests a close relationship with the XBONGs. For instance, if we imagine moving an LLAGN to higher redshift, we expect the intrinsically weak optical/UV emission from the nucleus to be lost in the light from the the host galaxy, and the source would appear as an XBONG. Conversely, if we could observe an XBONG with better angular resolution, e.g., by using a narrower slit so that a smaller fraction of the light from the galaxy is included, then we should be able to detect the optical nuclear activity. In fact, this technique has been used by Ho et al. (1995 Ho et al. ( , 1997 even in the search for local LLAGNs.
Using the above technique, Severgnini et al. (2003) recently analysed 3 sources which had been classified as XBONGs. When the sources were re-observed using larger telescopes, narrower slits, and/or better seeing conditions, weak optical emission lines were detected. Moreover, using the observed optical fluxes from the nuclei, the optical-to-X-ray spectral indices were found to be α ox ∼ 1.2 ± 0.1, 1.25 ± 0.2, and 1.2 ± 0.2, respectively, for the three sources. These values of α ox are smaller than the value for luminous AGNs, α ox ≈ 1.5. Thus, XBONGs appear to be be similar to LLAGNs. Lasota et al. (1996) argued that the accretion flow in the LINER source NGC 4258 consists of two zones: a hot RIAF (or ADAF) for radii less than a transition radius R tr ∼ 100R S , and a thin disk for R > R tr . (Although later observations seem to indicate that the radiation from NGC 4258 may be dominated by a jet, the geometry of the flow is still the same, see for details.) Lasota et al. further suggested that a similar accretion flow geometry may be present in all LINERs. modeled the spectral energy distributions of two LLAGNs, viz., M81 and NGC 4579, and showed that the accretion flows in these sources must consist of a RIAF-plus-disk geometry, with a transition radius R tr ∼ 100R S . In view of the spectral similarity between XBONGs and LLAGNs, it is reasonable to suppose that the same geometry is present also in XBONGs. The fact that the value of α ox in XBONGs (∼ 1.2) is intermediate in value between LLAGNs (∼ 0.9) and luminous AGNs (∼ 1.5) suggests that the transition radius in XBONGs is smaller than in LLAGNs.
P3: A Typical XBONG
We now investigate in detail a source that is considered to be the prototype of XBONGs: CXOU J031238.9-765134, usually known as FIORE P3, or simply P3. The source was originally discovered by Chandra and optically identified with an apparently normal earlytype galaxy at z = 0.159 (Fiore et al. 2000) . The mass of the central black hole is estimated from the observed B luminosity of the galaxy bulge to be ∼ 4 × 10 8 M ⊙ (Fiore et al. 2000) .
Multiwavelength observations of P3 were carried out by Comastri et al. (2002a) . Radio observations at 5 GHz with the Australia Telescope Compact Array gave a 3 σ upper limit of 0.15 mJy. Near-infrared observations at the VLT with a 1 ′′ slit again only gave upper limits and showed no evidence for significant emission lines. Optical observations at the ESO 3.6 m telescope with a slit width of 2 ′′ and 1. ′′ 5 showed no evidence for AGN-like emission lines and revealed an optical continuum dominated by the host galaxy. The source was observed in X-rays by both Chandra and XMM-Newton. Unfortunately, due to the weakness of the source, only a small number of counts were obtained, ∼ 60 and 200 in the two observations. The Chandra data gave a photon index of Γ ≈ 1.4, assuming a Galactic column density. For the XMM-Newton observations, acceptable fits were obtained with a power-law of photon index Γ = 1.1 ± 0.35, or Γ = 1.8 (an average value for AGNs). The latter fitting required N H = 8 ± 5 × 10 21 cm −2 and gave an absorption-corrected 2-10 keV luminosity of about 3 × 10 42 erg s −1 . Comastri et al. (2002a) considered the obscuration model in detail for P3. Assuming an average value of the optical-to-X-ray flux ratio typical of hard X-ray-selected unobscured quasars, and taking a standard Galactic extinction curve, they calculated the expected optical magnitude of the source corresponding to the best-fit N H from the X-ray analysis. They concluded that the nuclear emission would probably have been detected in the optical band, in conflict with observations. In fact, even when they assumed that the obscuring material is Compton-thick (N H 1.5 × 10 24 cm −2 for which there is no observational evidence), by comparing the spectra of P3 and NGC 6240, the prototype of a heavily obscured AGN, they found that although they could explain the absence of optical activity in P3, the radio and IR flux of the source are significantly lower than that of NGC 6240. In view of these difficulties with the obscuration model, it is of interest to test P3 against the RIAF model. Figure 1 shows the spectral constraints. The X-ray "bow-tie" corresponds to the Xray luminosity mentioned above, combined with the two photon indices Γ = 1.1 and 1.8 mentioned above. The radio upper limit is from Comastri et al. (2002a) . Correcting the integrated optical emission from the host galaxy and the nucleus (Comastri et al. 2002a) for the N H value quoted above, which corresponds to an extinction of A R = 2.6, one obtains the upper limit on the optical flux of the nucleus indicated by the filled circle with the downward arrow in Fig. 1 . This limit is unfortunately not very useful since the optical flux is very much dominated by the galaxy. In order to obtain a more useful data point, we assume that the value of the spectral index α ox of P3 is identical to that of Source #1 in Severgnini et al. (2003) , i.e., α ox = 1.2. The approximate optical luminosity at 2500Å thus calculated is indicated by the filled circle in the optical band, connected by a dashed line to the X-ray bow-tie.
We have modeled the spectrum of P3 using a current version of the RIAF model. Over the past few years, thanks to hydrodynamic and magnetohydrodynamic simulations (e.g., Stone, Pringle, & Begelman 1999; Igumenshchev & Abramowicz 1999; Hawley & Balbus 2002; Igumenshchev et al. 2003 ) and analytical work (Blandford & Begelman 1999; Narayan et al. 2000; Quataert & Gruzinov 2000) , it has become clear that only a fraction of the gas that is available at large radius in a RIAF actually accretes onto the black hole. The rest of the gas is either ejected from the flow or is prevented from accreting by convective motions. This theoretical prediction has been confirmed by linear polarization observations of Sgr A* (Bower et al. 2003) , which argue strongly for a much lower gas density close to the black hole than one would expect if all the available gas were accreting onto the black hole (see Yuan, Quataert & Narayan 2003 
for details).
In view of the above results, we assume that the accretion rate in the RIAF in P3 varies with radius asṀ (R) =Ṁ 0 (R/R tr ) s . Here R tr is the transition radius between the outer thin disk and the inner RIAF, andṀ 0 is the accretion rate of the RIAF at R tr . We assume s = 0.3, as in Yuan, Quataert & Narayan (2003) , and we correspondingly set δ, the fraction of the turbulent energy that heats the electrons, equal to 0.5 (see Quataert & Gruzinov 1999) . Since the evaporation of the cold gas in the outer thin disk into the RIAF is likely to occur over a range of radius, we model the accretion rate of the thin disk aṡ M (R) =Ṁ 0 (1 − R tr /R). This prescription is fairly arbitrary, but it does not strongly affect the results. We solve the radiation-hydrodynamic equations of the RIAF self-consistently to obtain the profiles of density and electron temperature, and we then calculate the emergent spectrum (see Yuan et al. 2000 for details). The radiative processes we consider in the RIAF include synchrotron and bremsstrahlung emission, and the Comptonization of these photons as well as soft photons from the outer thin disk. For the thin disk, we assume that the emitted spectrum is blackbody. We include both the energy from viscous dissipation within the disk and the reprocessing of hot radiation impinging from the RIAF.
The thick solid line in Fig. 1 shows the spectrum predicted by a RIAF model of P3 withṀ 0 = 1.3 × 10
−2Ṁ
Edd , R tr = 60R s . The dashed line shows the spectrum from the RIAF alone and the dot-dashed line from the outer thin disk alone. The combined spectrum satisfies all the available constraints, including the radio upper limit. (The stringent upper limit on the radio flux was argued in some papers to rule out the RIAF model, see Comastri et al. 2002a . As we see, the model has no difficulty satisfying the constraint.) The transition radius in the model is a little smaller than that in the models of M81 and NGC 4579, as calculated by . The smaller radius may explain why α ox is larger in P3 compared to typical LLAGNs.
The low optical flux of the model is a direct consequence of truncating the thin disk at small radii. For comparison, we show by the three dotted lines the emission from three standard thin disks extending down to the marginally stable orbit at 3R S , with accretion rates ofṀ 0 = 8 × 10 −5 , 8 × 10 −4 , and 10
Edd , respectively. The upper two models predict too much flux in the optical and are immediately ruled out. Although the model witḣ
Edd can reproduce the 2500Å flux, it would require the X-ray flux to be 50% of the bolometric luminosity, which is practically never seen in AGN spectra. Figure 2 shows four models with different choices of the transition radius. In each case, the accretion rate has been adjusted so as to fit the X-ray observations. We see that the model with R tr = 30R S predicts too much optical flux, whereas the models with R tr = 200R S , 600R S predict too little. The model with R tr = 60R S is consistent with the data. There is some uncertainty in the results because of the simplifying assumption of a pure blackbody spectrum for the thin disk emission. Nevertheless, we believe that the estimate of R tr is probably accurate to a factor of a few.
Finally, we note that Source #1 in Severgnini et al. (2003) has a similar spectrum to our model of P3. XMM-Newton observations show that Γ = 1.66 ± 0.30 and that L 2−10keV = 5.6 × 10 42 erg s −1 , which is about twice that of P3. The spectral index α ox = 1.2 ± 0.1 is the same as the value we have used for P3. Thus our model of P3 will also marginally fit the spectrum of Source #1. This suggests that the mass of the central black hole in the latter source should be roughly comparable to that of P3.
XBONGs in Relation to Other Accreting Black Holes
In the previous three subsections we have discussed the connection between XBONGs and luminous AGNs on the one hand and LLAGNs on the other. We amplify on this point here and also discuss other accreting black holes for which we have information on the nature of the accretion flow. Combining the available information on both supermassive black holes and stellar mass black holes, we show in Fig. 3 the location of the transition radius R tr in Schwarzschild units versus the accretion luminosity L in Eddington units. We are strongly guided by Esin et al. (1997) who argued that the position of R tr is largely determined by the accretion luminosity.
Accreting black holes with luminosities greater than about 0.03L Edd and up to nearly 1L Edd generally seem to have standard thin accretion disks (or slim disks) extending down to the innermost stable circular orbit (ISCO). This statement is true both for bright black hole X-ray binaries and for luminous AGNs. If we take the inner edge of the disks to be located at 3R S (the position of the ISCO for a non-spinning black hole), then we may represent these bright sources by the vertical segment shown in the top left corner of Fig. 3 .
The X-ray binary Cyg X-1 is the prototypical example of an object that straddles the transition between a pure disk system and a RIAF-plus-disk system. In the soft spectral state, also known as the "high" state, the accretion flow is believed to be in the form of a cool disk extending almost all the way down to the ISCO. However, in the hard spectral state, or"low" state, the disk is truncated at a transition radius R tr and that the region inside R tr is filled with hot gas (Narayan 1996; Poutanen, Krolik & Ryde 1997; ; Esin et al. 1998; Dove et al. 1998; Gilfanov, Churazov & Revnivtsev 2000) . Using the models of Esin et al. (1998) , we estimate that the edge of the disk is at ∼ 3R S when L ∼ 0.03L Edd and that R tr moves out to about (20 − 30)R S by the time L ∼ 0.01L Edd . This is shown by the slanting line in Fig. 3 .
To our knowledge, all accreting black holes with luminosities below about 0.01L Edd have truncated disks on the outside and hot gas at small radii. This statement is based on somewhat limited information since only a few systems have sufficient spectral information to permit a detailed analysis of the accretion geometry. Figure 3 shows three data points corresponding to (i) the X-ray binary XTE J1118+480 in outburst with L = 2 × 10 −3 L Edd , R tr = 55R S (Esin et al. 2001) , (ii) the XBONG source P3 with L ∼ 10 −3 L Edd , R tr ∼ 60R S ( §3.3 of this paper), and (iii) the two LLAGNs, M81 and NGC 4579, with L ∼ 10 −4 L Edd , R tr ∼ 100R S . The locations of the transition radii in these sources are somewhat approximate (except perhaps in the case of XTE J1118+480). Nevertheless, there is a hint that R tr increases with decreasing L. P3 is qualitatively very similar to XTE J1118+480, as confirmed by comparing the spectral model in Fig. 1 with the corresponding model in Esin et al. (2001) .
At yet lower luminosities, the transition radius is much larger, though its exact value is uncertain because the disk emits very little radiation and it is hard to constrain the parameters. The X-ray binary V404 Cyg, for instance (not shown on Fig. 3) , has a luminosity in quiescence of 10 −5 L Edd and a transition radius R tr ∼ 10 4 R S according to RIAF models (Narayan, Barret & McClintock 1997; . However, the radius could well be as small as 10 3 R S . XTE J1118+480 in quiescence has been analysed by who conclude that, at an X-ray luminosity of of 10 −8.5 L Edd and a bolometric luminosity of 10 −7 L Edd , R tr is somewhere in the range (10 3 − 10 4 )R tr , with the larger value probably being preferred. This is indicated in Fig. 3 . Finally, the plot shows two ultra-dim galactic nuclei, M87 and Sgr A*, neither of which shows any evidence for a cool thin disk. These systems are shown with lower limits for R tr .
Several caveats should be noted. First, it is by no means clear that the transition radius is a function only of the accretion luminosity. For instance, in many transient X-ray binaries, the transition from the hard state to the soft state occurs at a fairly high luminosity during the rise to peak luminosity whereas the reverse transition from the soft to the hard state occurs at a significantly lower luminosity during the decline from the peak. This indicates some kind of hysteresis effect that is not fully understood. Second, parameters like the black hole mass and spin may play some role. Even if the mass-dependence is weak, there may still be a noticeable effect when one compares stellar-mass black holes with M ∼ 10M ⊙ and supermassive black holes with M ∼ (10 6 − 10 9 )M ⊙ . Several theoretical studies have attempted to understand the conductive and turbulent transport of energy from the RIAF to the cool disk and the subsequent evaporation of the gas in the disk into the RIAF (e.g., Meyer & Meyer-Hofmeister 1994; Honma 1996; Meyer, Liu, & Meyer-Hofmeister 2000; Rózańska & Czerny 2000; . However, there is presently no model that can reliably predict how R tr depends on parameters. Thirdly, the position of R tr may depend on the outer boundary conditions. For instance, in Roche-lobe overflow X-ray binaries, cold gas is injected at an outer radius R out ∼ (10 4.5 − 10 5.5 )R S ; therefore, the transition radius cannot be larger than this radius in these systems. In galactic nuclei, on the other hand, there is no precisely defined outer radius. Also, the gas may be introduced in a hot state, as in Sgr A* (Yuan, Quataert & Narayan 2003) and M87 (Di Matteo et al. 2003) , in which case there may be no thin disk at all.
Despite these caveats, Fig. 3 does indicate a rather clear pattern, viz., as the accretion luminosity decreases, the transition radius increases monotonically. At around a few percent of Eddington, the radius increases rather abruptly from the ISCO to about (20 − 30)R S . After that, for a decrease of a couple of orders of magnitude in luminosity, R tr seems to vary by only a factor of a few. Then, for L 10 −4 L Edd , R tr increases again rapidly to values of order 10 4 R S or more. We suggest that many of the XBONGs correspond to the luminosity range ∼ (10 −2 − 10 −4 )L Edd ; P3 is near the middle of this range.
Summary and Discussion
We have investigated in this paper the nature of the population of X-ray bright, optically normal galaxies, or XBONGs. While the absence of optical activity in some XBONGs may be due to obscuration, this explanation is unlikely to apply to all XBONGs for the reasons discussed in § §2, 3.1. We propose instead that many XBONGs possess radiatively inefficient accretion flows (RIAFs). We suggest that the accretion flow occurs as a thin disk for radii larger than a transition radius R tr , and as a RIAF for radii below R tr . Because of the absence of a thin disk at small radii, the emission from these source has very little optical and UV radiation. Therefore, the big blue bump is weak, or even absent, and this causes a reduction in the broad and narrow line emission.
In all current X-ray selected samples of XBONGs obtained with Chandra and XMMNewton, the sources are seen to populate the low-redshift, low-luminosity end of the distribution. This result is hard to understand in the context of the obscuration model since we expect low-luminosity sources to have less gas and hence less obscuration. On the other hand, RIAFs are predicted to occur only at lower luminosities. Therefore, it is natural in the RIAF model for XBONGs to be low-luminosity sources at low redshift. Yi (1996) and Haiman & Menou (2000) suggested that AGNs make a transition from thin disks at high redshift, when there is a lot of gas available and the sources are luminous, to RIAFs at lower redshift, when there is less gas. These authors did not identify any specific objects with the transition. We suggest that the transition objects are XBONGs.
Our proposal is confirmed by the spectral similarity between XBONGs and low-luminosity AGNs (LLAGNs) in our local universe; both sources have weak optical/UV emission and relatively large X-ray fluxes. Stated in terms of α ox , the spectral index between 2500Å and 2keV, it is observed that α ox ≈ 1.2 for XBONGs and ∼ 0.9 for LLAGNs, whereas it is much larger, ∼ 1.5, for luminous AGNs. , following an earlier study by Lasota et al. (1996) , proposed that the accretion flow in LLAGNs consists of an inner RIAF plus an outer thin disk. The spectral similarity between LLAGNs and XBONGs suggests that a similar accretion geometry is present in XBONGs. Taking a prototypical XBONG, the source P3, as an example, we find that the RIAF+thin disk model fits the observed spectrum reasonably well (Fig. 1) , provided we assume a transition radius of about 60R S . Furthermore, any model in which the thin disk comes all the way down to the innermost stable circular orbit is inconsistent with the data (Fig. 1) , and so is any model in which the transition radius is very large (Fig.  2) .
In Figure 3 , we compare XBONGs with a number of other accreting black holes in X-ray binaries and galactic nuclei. By plotting the Eddington-scaled luminosities of the sources versus their transition radii in Schwarzschild units, we show that there is a rather convincing correlation between the two quantities -higher luminosity sources have smaller transition radii and lower luminosity sources have larger radii. The correlation is consistent with theoretical expectations. In Fig. 3, P3 lies between luminous AGNs and LLAGNs. This might explain why the value of α ox for XBONGs is larger than that for LLAGNs.
While we suggest that a RIAF is present in many XBONGs, we do not mean to imply that the RIAF necessarily produces the entire emission. It is possible, for instance, that some of the radiation may come from a jet. The BL Lac-type model mentioned in §1 is an extreme example of this scenario. That model, however, has most of the emission coming from a highly relativistic and beamed flow, and predicts substantial variability, whereas no such variability has been seen in P3. Another zone where significant dissipation can occur is the base of the jet, or the region where the jet and the disk meet (e.g., see Livio, Pringle & King 2003) . Since the Doppler factor here is very small, less variability is expected. A model of this region has been worked out in detail and applied to NGC 4258 . In this work, it is proposed that energy dissipation occurs at a bending shock, where the radial supersonic accretion flow within ∼ 10R s is bent into the vertical direction. The synchrotron and inverse Compton emission from the accelerated electrons in the shock front can dominate the emission from the underlying RIAF and explain the observed spectrum. The same model may possibly apply to some XBONGs.
We conclude with the following comments. There is little doubt that luminous AGNs at high redshift have optically thick accretion disks extending down to the ISCO. Similarly, there is little doubt that extremely underluminous galactic nuclei in our local neighborhood, such as Sgr A* and M87, lack such a disk and have instead an ultra-hot optically thin RIAF. AGNs must make a transition from one kind of accretion flow to the other at some intermediate redshift and intermediate luminosity. Nearby LLAGNs suggest that the transition objects are likely to have inner RIAFs plus outer disks. We suggest that the XBONGs at intermediate redshifts are such transition objects. If this proposal is incorrect, and XBONGs are just highly obscured AGNs as currently believed, then the obvious question is: where are the transition objects? These systems have to exist at moderate redshift, and they must have properties rather similar to those of XBONGs and LLAGNs. It would be worth searching for them in deep AGN samples.
This work was supported in part by NSF grant AST-0307433 and NASA grants NAG5-9998 and NAG5-10780. 18 shows the X-ray data from Comastri et al. (2002a) . The solid circle at log(ν) ∼ 15 is the likely optical flux at 2500Å assuming that α ox = 1.2 (dashed straight line connecting optical and X-ray data), as seen in other XBONGs (Severgnini et al. 2003) . The solid circle with a downward arrow at log(ν) ∼ 14.6 indicates an upper limit on the nuclear flux at this frequency. This limit as well as the radio upper limit are from Comastri et al. (2002a) . The bold solid line is the spectrum predicted for an accretion flow consisting of a truncated thin disk for radii R > R tr = 60R S and a RIAF for R < R tr . The mass accretion rate at R = R tr isṀ 0 = 1.3 × 10
−2Ṁ
Edd . The dot-dashed line shows the emission from the outer thin disk and the dashed line the emission from the RIAF. The three dotted lines show the emission from three standard thin accretion disks extending all the way down to R = 3R S with (from bottom to top)Ṁ /Ṁ Edd = 8 × 10 −5 , 8 × 10 −4 , and 10 −2 . None of these models fits the observations. The slanting line for Cyg X-1 is based on the model of Esin et al. (1998) for the soft-to-hard state transition in this source. The other data are from the following: outburst state of XTE J1118+480 (Esin et al. 2001) , XBONG: P3 (this paper), M81 and NGC 4579 , quiescent state of XTE J1118+480 ), M 87 (Di Matteo et al. 2003 , Sgr A* (Yuan, Quataert & Narayan 2003) .
